1. Introduction
===============

Esophageal carcinoma (EC) is the ninth most commonly diagnosed cancer and the fifth leading cause of cancer-related deaths.^\[[@R1],[@R2]\]^ It caused 357,190 deaths worldwide only in 2018.^\[[@R1],[@R2]\]^ The incidence of EC has increased exponentially over the past few decades, with about 400,000 new cases per year.^\[[@R1],[@R2]\]^ Among them, 50% of newly diagnosed patients were occurred in China.^\[[@R3],[@R4]\]^ The etiology of EC is still unclear, with possible factors including dietary habits, environmental factors, work pressure, genetic factors and so on.^\[[@R5]\]^ EC is also one of the worst malignant digestive neoplasms with a strong tendency of invasion and metastasis.^\[[@R6],[@R7]\]^ Despite the improvement of diagnostic and therapeutic methods in the past decades, the prognosis of EC remains unsatisfactory.^\[[@R6]--[@R8]\]^ Most EC patients already have advanced or metastatic lesions when diagnosed, due to the lack of noticeable clinical symptoms at its early stage.^\[[@R7]\]^ The 5-year survival rate of stage III EC patients was about 20%, while that of stage IV patients was reduced to 10%.^\[[@R7],[@R9]\]^ Currently, the clinical treatment of EC mainly includes radiotherapy, chemotherapy, surgical resection alone or combined strategy.^\[[@R7],[@R8],[@R10]--[@R12]\]^ However, their applications are limited by failing to thoroughly eliminate tumor cells, drug resistance and other adverse effects.^\[[@R8],[@R12]\]^ Therefore, exploring new regimens with better tolerance and lower toxicity for patients with esophageal cancer are urgently required.

Traditional Chinese Medicine has been used as an adjunct treatment for alleviating the side effects of radiochemotherapy and for improving the quality of life (QoL) of cancer patients.^\[[@R12]--[@R19]\]^ Some researchers indicated that the combination of Chinese and Western medicine for EC may be the potential trend of clinical treatment development in future.^\[[@R12],[@R16]--[@R19]\]^ The monomer compounds obtained from medicinal herbs has exhibit potential anti-cancer activity against various type tumors including EC.^\[[@R12],[@R16]--[@R20]\]^ Xiaoaiping injection (XAPI) is a famous traditional Chinese herbal medicine extracted from the root of Marsdenia tenacissima (Tong Guan Teng or Tong Guang Teng), containing flavonoids, polysaccharides, steroidal saponins, alkaloids, triterpenes and other chemical constituents, which has been reported to have antitumor effect.^\[[@R21]--[@R24]\]^ The anti-tumor pharmaological effects of XAPI is mainly includes the following 2 aspects:

1.  direct anti-tumor effects, such as inhibiting tumor cell proliferation and invasion, inducing cell cycle arrest and apoptosis, and inhibiting tumor cell angiogenesis;^\[[@R21],[@R24]--[@R26]\]^ and

2.  enhance the antitumor effect by increasing the sensitivity of the tumor cells to radiochemotherapy.^\[[@R24],[@R27],[@R28]\]^

Clinical trials have indicated that the combination of XAPI and classic radiochemotherapy not only exerts an enhanced therapeutic effect against EC, but also improve QoL and immune function, and reduce the incidence of side effects caused by radiochemotherapy.^\[[@R25],[@R29]\]^ Despite the intensive clinical studies, its clinical efficacy was still not well established and recognized. We are prepared to summarize the efficacy and adverse events of XAPI treatment of EC at advanced stages through the meta-analysis, in order to provide scientific reference for the design of future clinical trials (Fig. [1](#F1){ref-type="fig"}).
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2. Objective
============

A systematic review and meta-analysis will be performed to systematically evaluate the efficacy and safety of XAPI adjuvant therapy combined with conventional treatment for advanced EC.

3. Methods
==========

The protocol of our meta-analysis will be reported according to Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) guidelines.^\[[@R30]\]^ Our protocol has been registered on the International Platform of Registered Systematic Review and Meta-Analysis Protocols (INPLASY). The registration number was INPLASY202050094 (DOI number is 10.37766/inplasy2020.5.0094, <https://inplasy.com/inplasy-2020-5-0094/>). This meta-analysis is a secondary research which based on some previously published data. Therefore, the ethical approval or informed consent was not required in this study.

3.1. Eligibility criteria
-------------------------

### 3.1.1. Types of studies

All available randomized controlled trials (RCTs) or quasi-RCTs, and high-quality prospective cohort studies that investigated the efficacy and safety of XAPI-mediated therapy in patients diagnosed with advanced EC will be included in this systematic review.

### 3.1.2. Types of participants

Patients must be cytologically or pathologically confirmed as having EC at a clinically advanced stage. There will be no restrictions regarding age, gender, racial, region, education and economic status. Patients with other malignancies or non-primary EC are not included.

### 3.1.3. Types of interventions

In the experimental group, advanced EC patients must be treated with conventional treatment (including chemotherapy, radiotherapy, and targeted therapy) combined with XAPI mediated therapy.

### 3.1.4. Comparator

In the control group, EC patient treated with the same conventional treatment as intervention group in the same original study.

### 3.1.5. Exclusion criteria

Articles without sufficient available data, non-comparative studies, non-peer reviewed articles, meta-analysis, literature reviews, case reports, case series, meeting abstracts, animal studies, letter to the editor, commentaries, editorials, and other unrelated studies will be excluded from analysis.

### 3.1.6. Types of outcome measures

#### 3.1.6.1. Primary outcomes

The primary outcomes will be the therapeutic effects of treatment according to Response Evaluation Criteria in Solid Tumors 1.1 (RECIST Criteria 1.1).^\[[@R31]\]^

1.  Overall response rate (ORR);

2.  Overall survival (OS, which is defined as the time from the date of randomization to death from any cause);

3.  Disease-free survival (DFS, which is the time from date of random assignment to date of recurrence or death).

#### 3.1.6.2. Secondary outcomes

Secondary outcomes will include:

1.  QoL as evaluated by Karnofsky score;

2.  Immune function;

3.  Treatment--related adverse effects.

3.2. Information sources
------------------------

Electronic databases including Cochrane Library, PubMed, Google Scholar, Web of Science (WOS), Excerpt Medica Database (Embase), Medline, China National Knowledge Infrastructure (CNKI), Chinese Biomedical Literature Database (CBM), China Scientific Journal Database (VIP) and Wanfang Database will be systematically searched for eligible studies from January 2000 to May 2020. Language is limited with English and Chinese.

3.3. Search strategy
--------------------

To perform a comprehensive and focused search, experienced systematic review researchers will be invited to develop a search strategy. The plan searched terms are as follows: "esophageal cancers" or "esophageal neoplasm" or "esophageal carcinoma" or "esophageal tumor" or "shiguanai" or "shiguanzhongliu" or "EC" and "Xiaoaiping injection" or "XAP injection" or "XAPI" or "Tongguanteng" or "Tongguanteng extract" or "Tongguangteng" or "Tongguangteng extract" or "Marsdenia tenacissima" or "Marsdenia tenacissima extract" or "MTE" et al. An example of search strategy for PubMed database shown in Table [1](#T1){ref-type="table"} will be modified and used for the other databases.

###### 

Searching strategy in PubMed.
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3.4. Data collection and analysis
---------------------------------

We will adopt the measures described in the Cochrane Handbook for Systematic Reviews of Interventions to pool the evidence.^\[[@R32]\]^

### 3.4.1. Study selection and management

Two authors (Zhen Liu and Yanling Dong) will be reviewed independently to identify potential trials by assessing the titles and abstracts and identify whether the trials meet the inclusion criteria as designed and described in this protocol. Two reviewers (Zhen Liu and Yanling Dong) will in duplicate and independently screen the full text of all potential eligible studies to exclude irrelevant studies or determine eligibility. The 2 reviewers (Zhen Liu and Yanling Dong) will list all the studies included and document the primary reasons of exclusion for studies that do not conform to the inclusion criteria. Disagreements between the 2 authors will be resolved by discussing with the third author (Meili Zhu), if necessary, consulting with the fourth author (Ying Mu). A PRISMA-compliant flow chart (Fig. [2](#F2){ref-type="fig"}) will be used to describe the selection process of eligible literatures. Endnote X7 software will be used for literature managing and records searching.
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### 3.4.2. Data extraction and management

Two reviewers (Zhen Liu and Yanling Dong) will be responsible for the data extraction independently according to the Cochrane Handbook for Systematic Reviews of Intervention.

The following data will be extracted from eligible literatures:

1.  Study characteristics and methodology: country of study, the first author, year of publication, study design, randomization, periods of data collection, total duration of study, follow-up duration, and withdrawals, et al.

2.  Participant characteristics: sample size, tumor stage (staging of the tumor according to the AJCC TNM classification for esophageal cancer), age, gender, ethnicity, pathology diagnosis, pathologic tumor size, inclusion, and exclusion criteria, etc.

3.  Interventions: therapeutic means, manufacturer of the drugs, dosage of XAPI, administration route and cycles, duration of treatment and follow-up time, et al.

4.  Outcome and other data: ORR, OS, DFS, QoL, immune function and adverse effects, et al. For survival outcomes, Hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) will be extracted from trials or be estimated from Kaplan--Meier survival curves by established methods.^\[[@R33]\]^

Dealing with missing data: we will attempt to contact the authors to request the missing or incomplete data. If those relevant data are not acquired, they will be excluded from the analysis. Any disagreements will be resolved by discussion, and a third reviewer (Meili Zhu) will make the final decision. Excluded studies and the reasons for exclusion will be listed in a table.

3.5. Assessment of risk of bias
-------------------------------

The quality of the included RCTs will be assessed independently by 2 investigators (Zhen Liu and Yanling Dong) in terms of random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective outcome reporting (reporting bias), and other bias, according to the guidance of the Cochrane Handbook for Systematic Review of Interventions.^\[[@R32],[@R34]\]^ Evidence quality will be classified as low risk, high risk, or unclear risk of bias in accordance with the criteria of the risk of bias judgment. The risk of bias judgments across different studies for each of the domains listed will be summarized. EPOC guidelines will be used to assess the risks of non-RCTs.^\[[@R35]\]^ Any disagreements will be resolved via discussion with a third researcher (Meili Zhu).

3.6. Data synthesis
-------------------

Data from studies judged to be clinically homogeneous will be pooled using Review Manager 5.3 (Nordic Cochran Centre, Copenhagen, Denmark) and Stata 14.0 (Stata Corp., College Station, TX, USA) statistical software. Heterogeneity between studies will be assessed using the Cochrans Q and Higgins *I*^*2*^ statistic. *P* \< .1 for the Chi^2^ statistic or an *I*^*2*^ \> 50% will be considered as showing considerable heterogeneity.^\[[@R36]\]^ A fixed effect model will be used to calculate the outcomes when statistical heterogeneity is absent; otherwise, the random effects model was considered according to the DerSimonian and Laird method.^\[[@R37]\]^ The Mantel--Haenszel method will be applied for pooling of dichotomous data and results will be presented as relative risk (RR) with their 95% confidence intervals (CIs). Inverse variance method will be used for pooling of continuous data and results will be presented as standardized mean difference (SMD) with their 95% CIs. A two-tailed *P* value \<.05 was considered statistically significant.

3.7. Subgroup and meta-regression analysis
------------------------------------------

If the data are available and sufficient, subgroup and meta-regression analysis will be conducted to explore the source of heterogeneity with respect to age, gender, tumor stage, region, course of treatment and therapeutic regimens.

3.8. Sensitivity analysis
-------------------------

Sensitivity analysis will be conducted to assess the reliability and robustness of the aggregation results via eliminating trials with high bias risk. A summary table will report the results of the sensitivity analyses.

3.9. Publication bias analysis
------------------------------

We will detect publication biases and poor methodological quality of small studies using funnel plots if 10 or more studies are included in the meta-analysis. Begg and Egger regression test will be utilized to detect the funnel plot asymmetry.^\[[@R38]--[@R40]\]^ If reporting bias is suspected, we will consult the study author to get more information. If publication bias existed, a trim-and-fill method should be applied to coordinate the estimates from unpublished studies, and the adjusted results were compared with the original pooled RR.^\[[@R41],[@R42]\]^

3.10. Evidence evaluation
-------------------------

The evidence grade will be determined by using the guidelines of the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE). The quality of all evidence will be evaluated as 4 levels (high, moderate, low, and very low).^\[[@R32]\]^

### 3.11. Dissemination plans

We will disseminate the results of this systematic review by publishing the manuscript in a peer-reviewed journal or presenting the findings at a relevant conference.

4. Discussion
=============

EC is a highly malignant tumor, although there is a variety of advanced treatment methods combined with surgical treatment, but the patient prognosis is very poor.^\[[@R6],[@R7],[@R12]\]^ Therefore, therapies that could significantly improve OS and have fewer side effects are what we need to pursue now.^\[[@R12]\]^ Traditional Chinese Medicine is a prominent complementary and alternative medicine for cancer treatment.^\[[@R13],[@R15]\]^ Currently, it has reported that medicinal herbs have a unique advantage in EC therapy by inhibiting the growth of cancer cells, mitigating the progress of the disease, enhancing immunity, decreasing cancer relapses and metastases, increasing 5-year survival rate.^\[[@R12],[@R16]--[@R18],[@R20]\]^ XAPI, a drug that is mainly composed of the Chinese herb Marsdeniae tenacissimae was manufactured by Tonghua Jinma and Nanjing Shenghe Pharmaceutical Co., Ltd. It have been approved by Chinese State Food and Drug Administration (SFDA), and granted the Manufacturing Approve Number accordingly (Z20025869 and Z20025868).^\[[@R24]\]^ It has been applied alone or combined with chemotherapy or radiotherapy to treat various malignant tumors in China.

4.1. Strengths and limitations of this study
--------------------------------------------

Even though there was statistical analysis of published clinical trials, the exact therapeutic effects of XAPI mediated therapy for EC were still not systematically investigated. Thus, in-depth knowledge of the efficacy and safety of XAPI is needed. We will conduct a systematic, comprehensive and objective evaluation of XAPI-based adjuvant therapy. The results of this study will provide a helpful evidence for clinicians to formulate the best postoperative adjuvant treatment strategy for patients with advanced EC, and also provide scientific clues for researchers in this field.

The systematic review will also have some limitations. There may be a language bias with the limitation of English and Chinese studies. In addition, due to the nature of the disease and intervention, large sample clinical trials are not abundant, so we will include some high-quality small sample trials, which may cause high heterogeneity.
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